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PROBLEM TO BE SOLVED: To prevent the destruction 
of the recording information of a perpendicular recording 
medium caused by residual magnetization by stably 
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SOLUTION: This perpendicular magnetic recording head 
for recording information in the perpendicular magnetic i 
recording medium is provided with a recording magnetic 
pole for recording the information in the perpendicular 
magnetic recording medium, a conductor disposed near 
the recording magnetic pole to excite the same, and a 
return yoke disposed at a specified space from the 
recording magnetic pole. The recording magnetic pole is 
not directly connected to the return yoke, and the pole 
length of the recording magnetic pole is shorter than the 
length of the conductor in a direction opposite to the 
medium. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] In the vertical-magnetic-recording head which records information on a vertical-magnetic- 
recording medium The conductor which approaches the record magnetic pole which records 
information on said vertical-magnetic-recording medium, and said record magnetic pole, and is 
arranged, and excites said record magnetic pole, The vertical-magnetic-recording head which it has 
the return yoke arranged at the predetermined spacing to said record magnetic pole, and said record 
magnetic pole does not couple directly with said return yoke, and is characterized by the pole length 
of said record magnetic pole being shorter than the medium opposed face lay length of said 
conductor. 

[Claim 2] The maximum of an exciting current which flows the number of said conductors arranged 
by approaching said record magnetic pole to N and said conductor Imax, When magnitude of the 
anisotropy field of R and said record magnetic pole is set [ the truck transit lay length of said 
conductor / Dc and the medium opposed face lay length of said conductor ] to Hk for the distance 
between Lc, said conductor, and said record magnetic pole, Said record magnetic pole and said 
conductor are following relational-expression Hk<NxImax/2 (Dc+Lc+2R). 
The vertical-magnetic-recording head according to claim 1 characterized by being satisfied. 
[Claim 3] Said conductor is a vertical-magnetic-recording head according to claim 1 or 2 
characterized by being arranged in said direction of a medium opposed face in the location which 
retreated rather than the arrangement location of said record magnetic pole. 

[Claim 4] Said record magnetic pole is a vertical-magnetic-recording head according to claim 1 to 3 
to which magnitude Hd of the static magnetic field which produces the spontaneous magnetization of 
said record magnetic pole in the interior at the time of making it saturated to a longitudinal direction 
is characterized by being smaller than the anisotropy field Hk of said record magnetic pole. 
[Claim 5] Said record magnetic pole is the following relational expression [several 2], when the 
configuration was a strip of paper-like, and Tw and pole length are set to Lp and it sets [ the 
magnitude of the saturation magnetic flux of said record magnetic pole / the magnitude of B and an 
anisotropy field ] thickness to Dp for Hk and recording track width of face. 



The vertical-magnetic-recording head according to claim 1 to 3 characterized by being satisfied. 
[Claim 6] A vertical-magnetic-recording medium and the driving means which supports and drives 
[ rotation ] said vertical-magnetic-recording medium, The vertical-magnetic-recording head which 
records information to said vertical-magnetic-recording medium, It is vertical-magnetic-recording 
equipment possessing the support means which supports said vertical-magnetic-recording head free 
[ migration ] to said vertical-magnetic-recording medium. Said vertical-magnetic-recording medium 
The record magnetic pole of a recording layer and a soft magnetism backing layer by which it has a 
bi layer at least and said vertical-magnetic-recording head records information on said vertical- 
magnetic-recording medium, The conductor which approaches said record magnetic pole, and is 
arranged, and excites said record magnetic pole, The vertical-magnetic-recording regenerative 
apparatus which it has the return yoke arranged at the predetermined spacing to said record magnetic 
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pole, and said record magnetic pole does not couple directly with said return yoke, and is 
characterized by the pole length of said record magnetic pole being shorter than the medium opposed 
face lay length of said conductor. 

[Claim 7] The maximum of an exciting current which flows the number of said conductors arranged 
by approaching said record magnetic pole to N and said conductor Imax, When magnitude of the 
anisotropy field of R and said record magnetic pole is set [ the truck transit lay length of said 
conductor / Dc and the medium opposed face lay length of said conductor ] to Hk for the distance 
between Lc, said conductor, and said record magnetic pole, Said record magnetic pole and said 
conductor are following relational-expression Hk<NxImax/2 (Dc+Lc+2R). 

Vertical-magnetic-recording equipment according to claim 6 by which it is satisfied characterized. 
[Claim 8] Said conductor is vertical-magnetic-recording equipment according to claim 6 or 7 
characterized by being arranged in said direction of a medium opposed face in the location which 
retreated rather than the arrangement location of said record magnetic pole. 
[Claim 9] Said record magnetic pole is the following relational expression [several 2], when the 
configuration was a strip of paper-like, and Tw and pole length are set to Lp and it sets [ the 
magnitude of the saturation magnetic flux of said record magnetic pole / the magnitude of B and an 
anisotropy field ] thickness to Dp for Hk and recording track width of face. 



Vertical-magnetic-recording equipment according to claim 6 to 8 characterized by being satisfied. 
[Claim 10] Said support means is vertical-magnetic-recording equipment according to claim 6 to 9 
characterized by supporting said vertical-magnetic-recording head so that it may become shorter than 
the distance of said record magnetic pole and said return yoke about the distance of said record 
magnetic pole and soft magnetism backing layer of said vertical-magnetic-recording medium at the 
time of the information record actuation to said vertical-magnetic-recording medium. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the vertical-magnetic-recording equipment using the 
vertical-magnetic-recording head and this which are applied to a vertical-magnetic-recording 
technique. 
[0002] 

[Description of the Prior Art] In recent years, in the field of magnetic recording, such as a magnetic 
recording medium, recording density is increasing by leaps and bounds, and the vertical magnetic 
recording which can maintain magnetization at stability with high recording density attracts attention 
in connection with this. More various things than before are proposed also about the single magnetic 
pole head which is one of the vertical-magnetic-recording heads used for this vertical magnetic 
recording, for example, what aimed at the excitation effectiveness at the time of record of a record 
magnetic pole and an improvement of a high-frequency property is indicated in JP,1 1-1 1071 7,A by 
giving the configuration which carried out contiguity arrangement of the thin film coil for excitation 
near the thin film record magnetic pole tip. 
[0003] 

[Problem(s) to be Solved by the Invention] However, although narrow-track-izing of the record 
magnetic pole of a single magnetic pole head and thin film-ization will progress further in 
connection with the further densification of recording density from now on, when realizing thin film- 
ization of the record magnetic pole of a single magnetic pole head, the big problem of the control to 
the residual magnetization of not only the problem about the increase in efficiency of the excitation 
at the time of record of a record magnetic pole but the record magnetic pole at the time of un- 
recording arises. This is the problem that the residual magnetization of a record magnetic pole will 
generate a disturbance field to a vertical-magnetic-recording medium toward the direction of a 
medium opposed face of a magnetic-recording medium at the time of current un-impressing, when 
the configuration of the record magnetic pole of a single magnetic pole head becomes long and 
slender in the direction of a medium opposed face (direction which intersects perpendicularly with a 
medium opposed face (ABS side), and goes to a medium opposed face). 

[0004] On the other hand, with the single magnetic pole head of the conventional technique, where 
the thin film coil for excitation which had thickness so that a record current could be borne is 
inserted in between, the structure to which direct coupling of a record magnetic pole and the return 
yoke was carried out is given. For this reason, since three-dimension- [ a configuration ] complication 
and expanding-izing of a record magnetic pole progress as narrow track-ization of the record 
magnetic pole of a single magnetic pole head progresses, the residual magnetization of a record 
magnetic pole tends to turn to the direction of a medium opposed face at the time of current un- 
impressing, and it has possibility (recording information is eliminated or other information is written 
in) of destroying recording information of a vertical-magnetic-recording medium. 
[0005] So, in this invention, it aims at providing stability with a controllable vertical-magnetic- 
recording head and vertical-magnetic-recording equipment for the residual magnetization of the 
record magnetic pole in the vertical-magnetic-recording head for narrow track record to which 
narrow track-ization progressed in connection with the densification of recording density. 
[0006] 
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[Means for Solving the Problem] In the vertical-magnetic-recording head with which the vertical- 
magnetic-recording head of this invention records information on a vertical-magnetic-recording 
medium The conductor which approaches the record magnetic pole which records information on 
said vertical-magnetic-recording medium, and said record magnetic pole, and is arranged, and 
excites said record magnetic pole, It has the return yoke arranged at the predetermined spacing to 
said record magnetic pole, and said record magnetic pole does not couple directly with said return 
yoke, and it is characterized by the pole length of said record magnetic pole being shorter than the 
medium opposed face lay length of said conductor. 

[0007] Moreover, the driving means to which the vertical-magnetic-recording regenerative apparatus 
of this invention supports and drives [ rotation ] a vertical-magnetic-recording medium and said 
vertical-magnetic-recording medium, The vertical-magnetic-recording head which records 
information to said vertical-magnetic-recording medium, It is vertical-magnetic-recording equipment 
possessing the support means which supports said vertical-magnetic-recording head free 
[ migration ] to said vertical-magnetic-recording medium. Said vertical-magnetic-recording medium 
The record magnetic pole of a recording layer and a soft magnetism backing layer by which it has a 
bi layer at least and said vertical-magnetic-recording head records information on said vertical- 
magnetic-recording medium, The conductor which approaches said record magnetic pole, and is 
arranged, and excites said record magnetic pole, It has the return yoke arranged at the predetermined 
spacing to said record magnetic pole, and said record magnetic pole does not couple directly with 
said return yoke, and it is characterized by the pole length of said record magnetic pole being shorter 
than the medium opposed face lay length of said conductor. 

[0008] It is possible to prevent destruction of the vertical-magnetic-recording medium under the 
effect of a leakage field by the above-mentioned configuration, since generating of the strong 
leakage field by the residual magnetization of the record magnetic pole at the time of un-recording 
can be controlled. Moreover, it is possible to realize the vertical-magnetic-recording head and 
vertical-magnetic-recording equipment suitable for the magnetic recording in the RF in which it has 
a dominant property that the component of the direction of a medium opposed face of magnetization 
of the whole record magnetic pole increases by magnetization rotation from the time of un-recording 
at the time of record. 
[0009] 

[Embodiment of the Invention] (Vertical-magnetic-recording head structure) With reference to a 
drawing, the gestalt of operation of this invention is explained hereafter. 

[0010] The outline structure of the single magnetic pole head which is a vertical-magnetic-recording 
head of this invention is shown in drawing 1 . Drawing 2 is the cross-section schematic diagram of 
the direction of A- A 1 of the single magnetic pole head shown in drawing 1 . 
[001 1] As for the single magnetic pole head shown in drawing 1 and drawing 2 , laminating film 
production of the return yoke 1 1 of a soft magnetic material, an insulating layer 12, the thin film 
conductor 13 for excitation, an insulating layer 14, and the record magnetic pole 15 of a soft 
magnetic material is carried out on the substrate 10. In addition, in drawing 1 , illustration of an 
insulating layer 12 and an insulating layer 14 is omitted. The exciting current I for having combined 
electrically 13a and 13b which are the both ends of the thin film conductor 13 with the conductor 
which is not illustrated, and exciting the record magnetic pole 15 from the conductor concerned to 
both ends 13a and 13b is passed. The record magnetic pole 15 does not couple directly the single 
magnetic pole head of this invention with the return yoke 1 1 , and the pole length Lp of the record 
magnetic pole 15 has a configuration shorter than the medium opposed face lay length Lc of the thin 
film conductor 13 so that drawing 1 and drawing 2 may show. 

[0012] When the record magnetic pole 15 has the configuration coupled directly with the return yoke 
1 1 , the pole length Lp of the record magnetic pole 1 5 becomes long inevitably rather than the 
medium opposed face lay length Lc of the thin film conductor 13. For this reason, when making 
large the cross section which intersects perpendicularly in the direction of a current of the thin film 
conductor 13, or to consider as the structure which carried out the laminating of the thin film 
conductor 1 3 of two or more sheets, it is necessary to lengthen more the pole length Lp of the record 
magnetic pole 15. On the other hand, with the single magnetic pole head of this invention, by 
considering as the configuration which does not couple the record magnetic pole 1 5 directly with the 
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thin film conductor 13, it prevents lengthening extremely the pole length Lp of the record magnetic 
pole 1 5, and it is made into the configuration to which the ratio (aspect ratio) of the pole length Lp of 
the record magnetic pole 1 5 and the recording track width of face Tw does not become extremely 
large by this. 

[0013] Moreover, as shown by a thing, and drawing 5 and drawing 6 which prepare two or more thin 
film conductors as shown by drawing 3 and drawing 4 as a configuration of a single magnetic pole 
head in addition to what is shown in drawing 1 and drawing 2 , a thin film conductor may be 
prepared in the both sides of a record magnetic pole. 

[0014] The single magnetic pole head shown in drawing 3 and drawing 4 has the configuration 
which added further the insulating layer 1 6 and the thin film conductor 1 7 between the thin film 
conductor 13 and the insulating layer 14 to the single magnetic pole head shown in drawing 1 and 
dr awing 2 . About the same configuration as drawing 1 and the single magnetic pole head of drawin g 
2 , the same sign is given into drawing 3 and drawing 4 . However, in drawing 3 , illustration of 
insulating layers 12, 14, and 16 is omitted. Moreover, drawing 4 is the cross-section schematic 
diagram of the direction of A- A' of the single magnetic pole head shown in drawing 3 . In addition, 
although the number of sheets of the thin film conductor which approaches a record magnetic pole 
and is arranged is made into two sheets with the single magnetic pole head shown in this drawing 3 
and drawing 4 , the number of sheets of a thin film conductor is good also not only as this but three 
sheets or more. 

[0015] Moreover, the single magnetic pole head shown in drawin g 5 and drawing 6 has the 
configuration which added the insulating layer 18 and the thin film conductor 19 further on the 
record magnetic pole 1 5 to the single magnetic pole head shown in drawing 1 and drawing 2 . About 
the same configuration as drawing 1 and the single magnetic pole head of drawing 2 , the same sign 
is given into drawing 5 and drawing 6 . However, in drawing 5 , illustration of insulating layers 12, 
14, and 18 is omitted. Moreover, the exciting current I which passes the direction of exciting-current 
I' passed to the thin film conductor 19 to the thin film conductor 13 is hard flow at this time. 
D rawin g 6 is the cross-section schematic diagram of the direction of A- A of the single magnetic 
pole head shown in drawing 5 . Furthermore, he arranges the thin film conductors 13 and 19 in the 
location (location which retreated from the medium opposed face in the direction of a medium 
opposed face) distant from the medium opposed face of a single magnetic pole head, and is trying to 
detach distance with the vertical-magnetic-recording medium which counters the thin film 
conductors 13 and 19 with this single magnetic pole head so that drawing 5 and drawing 6 may 
show. This is for preventing the field generated from the thin film conductors 13 and 19 reaching a 
vertical-magnetic-recording medium directly, and destroying the recording information of the 
vertical-magnetic-recording medium concerned. 

[0016] In addition, although it approached and one thin film conductor is arranged to each both ends 
of a record magnetic pole with the single magnetic pole head shown in drawing 5 and drawing 6 , 
you may make it two or more number of sheets of the thin film conductor arranged to these both 
ends prepare not only one sheet but both of the sides. 

[0017] Moreover, the configuration which arranges a thin film conductor in the location distant from 
the medium opposed face of a single magnetic pole head may be used for the single magnetic pole 
head shown not only in drawing 5 and the single magnetic pole head of 6 but in drawing 1 thru/or 
drawing 4 . 

(Configuration of a record magnetic pole) Next, as mentioned above, how to bend extremely greatly 
explains the aspect ratio of the record magnetic pole 1 5 about a good reason. When performing use 
by high track density, and the recording track width of face Tw of a record magnetic pole is 0.5 
micrometers or less, with the thin film single magnetic pole head which has the structure of a 
conventional type as shown in drawing 14 or drawing 15 , an aspect ratio becomes very large. The 
thin film single magnetic pole head of the example 1 of a comparison shown in drawing 14 has 
structure which has seldom narrowed down the recording track width of face Tw of the record 
magnetic pole 71, and where the conductor 72 for excitation is inserted in between, it is directly 
joined to the return yoke 73. 

[001 8] Even while in the case of such structure the pole length Lp of the record magnetic pole 71 
becomes very long and is not impressing the exciting current to the conductor 72 for excitation, in 
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order to avoid a configuration anti-field, in the record magnetic pole 71, it becomes easy to produce 
residual magnetization in the direction of a medium opposed face. In the condition that residual 
magnetization is suitable in the direction of a medium opposed face in the record magnetic pole 71, 
the recording information of a vertical-magnetic-recording medium will be destroyed by the field 
generated from the residual magnetization of the record magnetic pole 71 only by the record 
magnetic pole 71 running a vertical-magnetic-recording medium top. 

[0019] The thin film single magnetic pole head of the example 2 of a comparison shown in drawin g 
1_5 serves as the configuration where the record magnetic pole 8 1 narrowed down the recording track 
width of face Tw at the tip, and it has the structure which this record magnetic pole 81 joined to the 
return yoke 83 directly where the conductor 82 for excitation is inserted in between. If the location 
84 of narrowing down of the record magnetic pole 8 1 is close brought at a tip too much, field 
distribution of the width-of-recording-track Tw direction of the magnetic signal at the time of record 
will become broadcloth by the interaction of the side face of the narrowing-down location 84 of the 
record magnetic pole 81, and the backing layer of a vertical-magnetic-recording medium. 
Conversely, by narrow track width of face, if the narrowing-down location 84 of the record magnetic 
pole 81 is separated from a tip, since narrowing down is too tight, the problem that magnetic flux 
cannot flow easily to the tip of the record magnetic pole 81 will arise. 

[0020] Many of troubles of the examples 1 and 2 of these comparisons originate in a configuration 
limit of a record magnetic pole. Generally, it is known that it will be easy to turn to the soft 
magnetism thin film used as the ingredient of a record magnetic pole in the pole length Lp direction 
in which the easy axis in a record magnetic pole met the configuration, so that the aspect ratio in the 
configuration is large. 

[002 1 ] Change of the easy axis according to this aspect ratio is explained below. In order to show 
change of the magnetic-domain condition when changing the aspect ratio of a soft magnetism thin 
film, the situation of the magnetic-domain condition of the record magnetic pole using the soft 
magnetism thin film which has an aspect ratio which is different in drawing 7 thru/or drawing 9 is 
shown, respectively. 

[0022] Drawin g 7 shows typically the magnetic-domain condition of the residual magnetization 
when setting an aspect ratio to 4:1 in the record magnetic pole using the thin film which consisted of 
soft magnetic materials, such as a permalloy. 

[0023] When the record magnetic pole gives the magnetization anisotropy to the longitudinal 
direction (it sets to drawing and is the direction of either of the direction of the right, and the 
direction of the right to the left from the left), the magnetic-domain condition takes closure domain 
structure, but by the record magnetic pole which set the aspect ratio to 4:1, also after residual 
magnetization has remained, in the exterior of the direction of a medium opposed face of a record 
magnetic pole, a stray magnetic field is hardly produced. If it is the record magnetic pole which has 
such a magnetic-domain condition, even if it turns the tip of the direction of a medium opposed face 
to a magnetic-recording medium at the time of un-recording, the recording information of a vertical- 
magnetic-recording medium will not be destroyed by the leakage field produced by residual 
magnetization. Therefore, it becomes possible to add a record field to a vertical-magnetic-recording 
medium by the record magnetic pole at the time of record, only when an exciting current is 
impressed to the conductor for excitation. 

[0024] Drawing 8 shows typically the magnetic -domain condition of the residual magnetization in 
the record magnetic pole for which the aspect ratio used the thin film of 6:1. Since the anti-field by 
the longwise configuration of what has taken closure domain structure with the whole thin film of a 
record magnetic pole is large, the magnetic-domain area which met in the direction of a medium 
opposed face of a record magnetic pole is large. For this reason, a leakage field arises from the tip of 
the direction of a medium opposed face by the residual magnetization of a record magnetic pole. 
However, that leakage field is small and, in the case of the record magnetic pole of this aspect ratio, 
it is thought that possibility of saying that the recording information of a vertical-magnetic-recording 
medium is destroyed by that leakage field at the time of un-recording is low. 
[0025] Drawing 9 shows typically the magnetic-domain condition of the residual magnetization in 
the record magnetic pole for which the aspect ratio used the thin film of 20:1. Since the internal field 
by the configuration of the record magnetic pole will be strengthened even if it is going to turn the 
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magnetization anisotropy of film original of a record magnetic pole to a longitudinal direction as 
shown by drawing 9 , will be suitable of all residual magnetization in the direction of a medium 
opposed face. In a record magnetic pole with the magnetic-domain condition of this residual 
magnetization, even if it is at the time of not recording, when the tip of that direction of a medium 
opposed face is turned to a magnetic-recording medium, the recording information of a magnetic- 
recording medium will be destroyed by the strong leakage field produced by residual magnetization. 
[0026] Thus, in order to control destruction of the recording information of the vertical-magnetic- 
recording medium by the residual magnetization of the record magnetic pole at the time of un- 
recording, it is necessary to use what has the value of an aspect ratio small as a configuration of a 
record magnetic pole. 

[0027] Next, when a field is impressed to drawing 7 and the record magnetic pole using the thin film 
of drawing 8 in the direction of a medium opposed face, it explains how the magnetic-domain 
condition changes. 

[0028] Drawing 10 shows typically the magnetic-domain condition when the aspect ratio shown in 
drawing 7 impresses a field in the direction of a medium opposed face to the record magnetic pole 
using the thin film of 4:1. Drawing 1 1 shows typically change of a magnetic- domain condition when 
the aspect ratio shown in drawing 8 impresses a field in the direction of a medium opposed face to 
the record magnetic pole using the thin film of 6: 1 . 

[0029] As shown in drawing 10 , since the magnetic-domain area in which magnetization has turned 
to the longitudinal direction is large, when a field is impressed, by the aspect ratio's record magnetic 
pole using the thin film of 4:1, it becomes dominant that the component of the direction of a medium 
opposed face of magnetization of the whole record magnetic pole increases because lateral 
magnetization carries out magnetization rotation in the direction of a medium opposed face. In 
addition, although the domain wall displacement that the magnetic-domain area in which 
magnetization is suitable in the direction of a medium opposed face and this direction becomes large 
is produced while the magnetic-domain area in which magnetization has turned to the direction of a 
medium opposed face and hard flow in this case becomes small, as compared with magnetization 
rotation, that ratio of the increment in the direction component of a medium opposed face of the 
magnetization by this domain wall displacement is low, and there is little effectiveness. 
[0030] On the other hand, in the aspect ratio's of drawing 10 record magnetic pole using the thin film 
of 6: 1, the magnetic-domain area in which magnetization is suitable in the direction of a medium 
opposed face is large, and there is little magnetic-domain area in which magnetization has turned to 
the longitudinal direction to this from the first. For this reason, the direction of a medium opposed 
face has a ratio larger [ the effectiveness by the domain wall displacement to which the magnetic- 
domain area in which magnetization is suitable in the direction of a medium opposed face and this 
direction becomes large ] than the effectiveness by lateral magnetization carrying out magnetization 
rotation of the increment in the direction component of a medium opposed face in the direction of a 
medium opposed face while the magnetic-domain area in which magnetization has turned to hard 
flow becomes small. For this reason, this domain wall displacement becomes the dominant factor of 
the increment in the direction component of a medium opposed face. 

[0031] Since it is generally known that the magnetization rotation will be performed at a high speed 
rather than domain wall displacement, when the application to the magnetic recording which is a RF 
is taken into consideration, drawing 6 and the record magnetic pole using the thin film of the aspect 
ratio 4: 1 of drawing 10 can say that it has the structure suitable for the record magnetic pole which 
performs magnetic recording in a RF rather than drawing 7 and the record magnetic pole using the 
thin film of the aspect ratio 6:1 of drawing 1 1 . 

[0032] Furthermore, although the aspect ratio of the record magnetic pole suitable for the magnetic 
recording in a RF changes also with the class of the soft magnetic materials, or thickness of a thin 
film, in order to consider as optimal magnetic-domain condition like drawing 7 , it should just serve 
as a value with the larger magnitude Hk of the anisotropy field to the longitudinal direction of a 
record magnetic pole than the static magnetic field Hd produced inside the film of the record 
magnetic pole when magnetizing and saturating a record magnetic pole in a longitudinal direction 
uniformly. A record magnetic pole takes the value the static magnetic field Hd which is produced 
inside the film in the case of-like [ strip-of-paper ] is indicated to be by the formula 1 like drawing 7 . 
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(Formula 1) 
[0033] 
[Equation 1] 



f a 

[ Tw yjDp 2 • 




5 



[0034] Here, Tw and thickness are set to Dp and saturation magnetic flux density is set [ the pole 
length of a record magnetic pole ] to B for Lp and recording track width of face. 
[0035] Therefore, what is necessary is just to make it the anisotropy field Hk of a record magnetic 
pole have [ a static magnetic field Hd ] a configuration with which a formula 2 is filled as a record 
magnetic pole in order for what is necessary to be just to become large also in a twist. (Formula 2) 
[0036] 
[Equation 2] 



[0037] (Distance of a record magnetic pole and a thin film conductor) Next, the distance of the 
record magnetic pole of the single magnetic pole head of this invention and a thin film conductor is 
explained. 

[0038] With the single magnetic pole head of this invention shown in drawing 1 thru/or drawing 6 , 
since the record magnetic pole 1 5 has structure which is not coupled directly with the return yoke 1 1 , 
the effectiveness on the magnetic circuit by the record magnetic pole 1 5 and the return yoke 1 1 falls 
to some extent. For this reason, in order to make the record magnetic pole 1 5 generate sufficient 
magnetization for record, it is necessary to utilize enough the field generated on the front face of the 
thin film conductor 13 by the record magnetic pole 15. That is, with the thin film conductor 13, in 
order to make the record magnetic pole 1 5 whole generate a field uniformly, it is necessary to fully 
carry out contiguity arrangement of the whole surface of the thin film conductor 13 and the record 
magnetic pole 15. 

[0039] Here, when an exciting current I flows to the thin film conductor 13, the magnetic field 
strength H generated around the thin film conductor 1 3 is calculated in approximation. As shown in 
drawin g 1 and drawing 2 , the die length (truck transit lay length) of Lc (it is the same as the medium 
opposed face lay length Lc of the thin film conductor 13) and width is set to Dc for the die length of 
the length of a cross section to the direction (it is the same as radial) of exciting-current I of the thin 
film conductor 13. Moreover, the radius lay length Wc of the thin film conductor 13 presupposes that 
it is sufficiently long to the recording track width of face Tw of the record magnetic pole 15. If an 
exciting current I is passed to the thin film conductor 13 at this time, the field H generated in the 
location which only distance r separated from the thin film conductor 13 will take in approximation 
the value shown by the formula 3. 
(Formula 3) 
H=I/2(Lc+Dc+2r) 

It is possible to add uniformly the field H excited from the thin film conductor 13 to the whole 
record magnetic pole 1 5 with the single magnetic pole head of this invention, since the radius lay 
length Wc of the thin film conductor 13 is sufficiently longer than the recording track width of face 
Tw of the record magnetic pole 15. Therefore, when maximum of the exciting current I which flows 
the distance of the thin film conductor 1 3 and the record magnetic pole 1 5 to R and the thin film 
conductor 13 is set to Imax, the maximum Hmax of a field which joins the record magnetic pole 15 
takes the value shown by the formula 4. 
(Formula 4) 

Hmax=Imax/2(Lc+Dc+2R) 

Therefore, in order to strengthen the field added to the record magnetic pole 15, it is necessary to 
shorten distance R of the thin film conductor 13 and the record magnetic pole 15. Since it is required 
to add the field of the strength more than the anisotropy field Hk of the record magnetic pole 1 5 to 
the whole record magnetic pole 1 5 in order to saturate the spontaneous magnetization in the record 
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magnetic pole 15, the distance R of the thin film conductor 13 and the record magnetic pole 15 
should just take the value of the range with which a formula 5 is filled. 
(Formula 5) 

Hk<Imax/2(Lc+Dc+2R) 

Although the above is the case where the number of the thin film conductors 13 which carry out 
contiguity arrangement at the record magnetic pole 15 is one, it is also possible to arrange a thin film 
conductor on both sides of a record magnetic pole like drawin g 5 and 6 in multilayering a thin film 
conductor like drawing 3 and 4. Here, supposing it sets to N (N> 1) the number of sheets of the thin 
film conductor which carries out contiguity arrangement at a record magnetic pole and the distance 
of two or more thin film conductors serves as the ********** same value R to a record magnetic 
pole, the distance R of a record magnetic pole and two or more thin film conductors should just take 
the value of the range with which a formula 6 is filled. 
(Formula 6) 

Hk<NxImax/2 (Lc+Dc+2R) 

As explained above, with the single magnetic pole head of this invention shown in drawing 1 thru/or 
drawing 6 , the record magnetic pole was made into the configuration where the value of an aspect 
ratio is small, by not carrying out direct coupling of the record magnetic pole to a return yoke, and 
making the pole length Lp of a record magnetic pole shorter than the medium opposed face lay 
length Lc of a thin film conductor. Since generating of the strong leakage field by the residual 
magnetization of the record magnetic pole at the time of un-recording can be controlled by this, it is 
possible to prevent destruction of the magnetic -recording medium under the effect of a leakage field. 
Moreover, it is possible to realize the single magnetic pole head to which it will have a dominant 
property to which that the record magnetic pole of the component of the direction of a medium 
opposed face of magnetization of the whole record magnetic pole increases by magnetization 
rotation from the time of un-recording at the time of record, and it was suitable for the magnetic 
recording in a RF by considering as the small configuration of an aspect ratio. 
(Magnetic disk drive) Next, the vertical-magnetic-recording equipment using drawing 1 of this 
invention thru/or the single magnetic pole head of drawing 6 is explained. 
[0040] The general-view Fig. of the vertical-magnetic-recording equipment of this invention is 
shown in drawing 12 . As shown in drawing 12 , the vertical-magnetic-recording equipment of this 
invention has top covering which blockades upper limit opening of the case 25 on the rectangle box 
which carried out opening in the top face, and the case by which ****s to a case 25 with two or more 
screw threads, and a stop is carried out and which is not illustrated. In a case 25 It considers as the 
vertical-magnetic-recording medium 21 and the driving means which supports and rotates this 
vertical-magnetic-recording medium 21. Have the suspension which carried the magnetic head 22 
which performs informational record and playback to the ** spindle motor 20 and the vertical- 
magnetic-recording medium 21, and the magnetic head 22 at the tip, and the vertical-magnetic- 
recording medium 21 is received in the magnetic head 22. The voice coil motor 26 and the head 
amplifier circuit 24 which mind the revolving shaft 27 and revolving shaft 27 which are supported 
for the head actuator 23 and the head actuator 23 which are supported free [ migration ], enabling 
free rotation, and rotate and position the head actuator 23 are contained. 

[0041] Moreover, the enlarged drawing of the magnetic head 22 of the vertical -magnetic-recording 
equipment of this invention is shown in drawing 13 . In drawing 13 , the magnetic head 22 has the 
Records Department 30 and the playback section 40. Among these, the single magnetic pole head of 
this invention is used for the Records Department 30, and this Records Department 30 consists of a 
record magnetic pole 15, a thin film conductor 13, a return yoke 11, etc. The Records Department 30 
is included in the surfacing slider 50 with the playback section 40, and when this surfacing slider 50 
carries out surfacing transit of the vertical-magnetic-recording medium 60 top which rotates at a 
predetermined rate in a super- low location, the record magnetic pole 1 5 and the return yoke 1 1 are 
carrying out contiguity opposite to magnetic-recording medium 60 front face. 
[0042] Moreover, the vertical-magnetic-recording medium 60 is a vertical-magnetic-recording 
medium set as the record object of the information on the vertical-magnetic-recording equipment of 
this invention, and the laminating of the protective layer 64 by the perpendicular orientation 
magnetic-recording layer 63, carbon film, etc. using the soft magnetism backing layer 62 which used 
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a permalloy, Sendust, CoZrNb, etc. on the substrate 61 using aluminum, tempered glass, etc., a CoCr 
system alloy, a CoPt system alloy, etc., and the lubricating layer 65 is carried out to order. The soft 
magnetism backing layer 62 and the perpendicular orientation magnetic-recording layer 63 may have 
the substrate layer aiming at crystal orientation control etc., respectively. 

[0043] Here, in the structural physical relationship of the Records Department 30 of the magnetic 
head 22, and the magnetic-recording medium 60, the conditions which enable suitable information 
record to the magnetic-recording medium 60 are explained below. 

[0044] As conditions which enable suitable information record to the magnetic-recording medium 
60, when distance between S, the record magnetic pole 15, and the return yoke 1 1 is set to D for the 
magnetic spacing from the tip of the record magnetic pole 15 to the soft magnetism backing layer 62 
of the magnetic-recording medium 60, it is needed that the magnetic spacing S is shorter than 
distance D. That is, the magnetic spacing S will pass the perpendicular orientation magnetic- 
recording layer 63 perpendicularly, and the magnetic flux which came out from the tip of the record 
magnetic pole 15 when shorter than distance D will return to the return yoke 1 1 via the soft 
magnetism backing layer 62, and serves as flow of magnetic flux suitable as vertical magnetic 
recording. Since the magnetic flux which came out from the tip of the record magnetic pole 15 will 
concentrate in the direction which flows to the return yoke 1 1 and magnetic flux will hardly flow to 
the soft magnetism backing layer 62 on the other hand when the direction of distance D has become 
shorter than the magnetic spacing S, as structural physical relationship of the Records Department 30 
of the magnetic head 22, and the magnetic-recording medium 60, it is unsuitable. 
[0045] Thus, information record can be performed in a good vertical-magnetic-recording property by 
performing information record in the physical relationship which the magnetic spacing S from the tip 
of the record magnetic pole 1 5 to the soft magnetism backing layer 62 made shorter than the distance 
D between the record magnetic pole 1 5 and the return yoke 1 1 . 
[0046] 

[Effect of the Invention] The record magnetic pole was made into the configuration where the value 
of an aspect ratio is small, by not carrying out direct coupling of the record magnetic pole to a return 
yoke in this invention, as explained in full detail above, and making the pole length of a record 
magnetic pole shorter than the medium opposed face lay length of a thin film conductor. Since 
generating of the strong leakage field by the residual magnetization of the record magnetic pole at 
the time of un-recording can be controlled by this, it is possible to prevent destruction of the vertical- 
magnetic-recording medium under the effect of a leakage field. Moreover, it is possible to realize the 
vertical-magnetic-recording head and vertical-magnetic-recording equipment with which it was 
suitable for the magnetic recording in a RF with a dominant property that the component of the 
direction of a medium opposed face of magnetization of the whole record magnetic pole increases by 
magnetization rotation from the time of un-recording by making a record magnetic pole into the 
small configuration of an aspect ratio at the time of record. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dr awin g 1] Outline structural drawing of the single magnetic pole head concerning the operation 
gestalt of this invention. 

[ Drawing 2 ] The cross-section schematic diagram of the single magnetic pole head concerning the 
operation gestalt of this invention. 

[Dr awin g 3] Outline structural drawing of the single magnetic pole head of a configuration of having 
prepared two or more thin film conductors concerning the operation gestalt of this invention. 
[D rawing 4] The cross-section schematic diagram of the single magnetic pole head of a 
configuration of having prepared two or more thin film conductors concerning the operation gestalt 
of this invention. 

[ Drawin g 5] Outline structural drawing of the single magnetic pole head of a configuration of having 
prepared the thin film conductor concerning the operation gestalt of this invention in the both sides 
of a record magnetic pole. 

[Drawing 6] The cross-section schematic diagram of the single magnetic pole head of a 
configuration of having prepared the thin film conductor concerning the operation gestalt of this 
invention in the both sides of a record magnetic pole. 

[ Drawing 7] Drawing in which the aspect ratio showed typically the magnetic-domain condition of 
the record magnetic pole of the configuration of 4: 1 . 

[ Drawing 8] Drawing in which the aspect ratio showed typically the magnetic-domain condition of 
the record magnetic pole of the configuration of 6:1. 

[ Drawing 9 ] Drawing in which the aspect ratio showed typically the magnetic-domain condition of 
the record magnetic pole of the configuration of 20:1. 

[ Drawing 10] Drawing having shown typically the magnetic-domain condition when an aspect ratio 
impresses a field in the direction of a medium opposed face in the record magnetic pole of the 
configuration of 4: 1 . 

[ Drawing 1 1] Drawing having shown typically the magnetic-domain condition when an aspect ratio 
impresses a field in the direction of a medium opposed face in the record magnetic pole of the 
configuration of 6: 1 . 

[Drawing 12] The general-view Fig. of the vertical-magnetic-recording equipment concerning the 
operation gestalt of this invention. 

[Drawing 13] Drawing for explaining the optimal structural physical relationship of the 
perpendicular magnetic head of vertical-magnetic-recording equipment and the vertical-magnetic- 
recording medium concerning the operation gestalt of this invention. 

[Drawing 14] Outline structural drawing of the thin film single electrode head of the conventional 
type of the example 1 of a comparison. 

[Drawing 15] Outline structural drawing of the thin film single electrode head of the conventional 
type of the example 2 of a comparison. 
[Description of Notations] 

10 - - Substrate 

11— Return yoke 

12, 14, 16, 18 -- Insulating layer 

13, 17, 19 -- Thin film conductor 
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1 5 — Record magnetic pole 

20 — Spindle motor 

21 - Vertical-magnetic-recording medium 

22 — Magnetic head 

23 — Head actuator 

24 — Head amplifier circuit 

25 -- Case 

26 — Voice coil motor 

27 ~ Revolving shaft 

30 ~ Records Department 
40 — Playback section 
50 — Surfacing slider 

60 — Vertical-magnetic-recording medium 

61 -- Substrate 

62 — Soft magnetism backing layer 

63 - Perpendicular orientation magnetic-recording layer 

64 — Protective layer 

65 — Lubricating layer 

71 81 — Record magnetic pole 

72 82 — Conductor for excitation 

73 83 - Return yoke 

84 — It narrows down and is a location. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/20/2007 



JP,2001-291212,A [DRAWINGS] 



Page 1 of 5 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 

10 J> 




[Drawing 2] 



11 10 



,3 




> 








w 




S 



[Drawin g _3J 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



11/20/2007 



JP,2001-291212,A [DRAWINGS] Page 2 of 5 




r prawin g_9] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/20/2007 



JP,2001-291212,A [DRAWINGS] 




http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



JP,2001-291212,A [DRAWINGS] 



Page 4 of 5 




http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 1 1/20/2007 



JP,2001-291212,A [DRAWINGS] 



Page 5 of 5 



[D rawing 15 




a v tw 



[Translation done.] 



http ://www4. ipdl .inpit. go.jp/cgi-bin/tran_web_cgi_ejj e 



1 1/20/2007 



(i9)B*H»afj? (jp) 02) ^ H 4# it ^ ^ (A) (ii>mwu«MM» 

#182001-291212 
(P2001-291212A) 

(43)&BBB ^13^10^190(2001.10.19) 



(51) IntCl.' »S>lf2# F I T-n-!>*(##) 

G 1 1 B 5/31 G 1 1 B 5/31 C 5 D 0 0 6 

D 5D0 3 3 

F 



»*«©»10 OL (£ 9 JO 



(21)ffiBHH» 


♦JH2000 - 1 05837( P2000 - 105837) 


(71)tHIB5A 000003078 








(22) die a 


¥^12^4^7 0(2000.4.7) 


jicsciR§K2?if-Ta i s i n 
























(74)ftJBA 100083161 












F^-A(^#) 5D006 CA03 DA03 DA08 FA09 






5D033 AA05 BA07 BA12 BA32 



(54) ixma&m m&m5a.jm^ wcfmnLmsasmmm 



(57) mm\ 

TE«$nj.oiWf!ie«kM«:B«i-*-ai»«#i:, BOTE 
-?££3ru BtlElE»«Si6<llMay ^-^a-^iB 




1 

4:, 

n9IEIEfiHKffi^>e« L TEfi $ ft J.oi!uEEtiH8£li£Iti 

fiftlESE^^mflSy 10 
riSEE»«:ffiw^-/u«^B5IE3):«*wJSEft:»ifiiB5*i6j 
<0 it: $ «t 0 t fi^ Z t frfl* ft 4: 1" 2) Mtt&Eft^ y 
K. 

IS»*JI2] HuEEIfHK&Kjfi&LTEe£ftSfrtG 
£ I ma x, HiJIBi»®#ro h7 y^jfefT*|fi]<OS$SrD 

ft*tefli*<0*#$fcHki:Lfci:#, (ffifSE£lttlf&* 



//A: > 8 arctan 



ftffl 2001-291212 

2 

Hk<NXImax/2 (Dc + Lc + 2R) 
*»JE1-S d 4: «:»»4: 1"5!S*JS 1 EttafifflttftE 
ft^s/ K. 

■ Sii-C^Sii:*««t1-5«*«lXtt2E*0* 

w 4: &#ft b~tzm*m 1 7^1g 3 G«»Si£MGft^ 
■y K 0 

[§it#«5] gJEG&E£l£li, ^(D^^Mfffl^T'fc 
[&2] 



DpLp 



2 + 7W 2 + 2 



S:S5fa-*-5w4:S:1#a4:i-5S»*3Sl7!rS3|E«oM 58 

««e«i6tt"T?*o-c. 30 

tt< 4: fc-®«r*TU B&EfiiSflStiE»^ y Ktf. ItuG 
G£ftl»4il::£& L TEE £ ftfi.OHU£EIS$«II)B* 
S£ix£ y *->3-* 4:£WU HtEGHM^iiuE 

[BB*S7] fftEESM^ifi&LTEH£ft5flE*40 



//A > 8 arctan 



£ I ma x, ffisZmmfcfD h77^M*[5l©f^D 

c WE*«ft©fflE##ifiiili*rSi«)«**Lc, SfrE# 

Hk<NXImax/2 (D c + L c + 2 R) 
SrSISi- 5 ^ 4r #«4: -f 511 6 1Egtro«at*G# 

i^T, HtEE^BSfiE^ESfiEttJ; D tllLf:Sfi:G 
KBSmE&ISgo 

§£Lp, ff$S:Dp 4:Lfc4:#, &4>Mffi3: 



V/>P 2 + 7W 2 + 2 



«rS9£1-SC i £#'$4:1- 5 fit 6 7!;S 8 E«c^SB 
fi8S5E&£ffi. 

H«fiE»j!«fc<&»8£ttglT*>Ja t nEttfrflftEEfMB 

*e t sue y 3 - * <t (Z)s§st <t •? t®< *a J; o ic 

lWESit»*E»^y K«:i»i-*w4:Sr1*«4:+5» 50 



6 7!;M 9 Ett<o®K«ftE»Sa. 
[oooi] 

[0 0 0 2] 



(3) 

3 

E»*5fcJ<&B;*ix-CV*S. C(7>Sifi«Sil5»*S:(cffl 

jLI*. 11-110 7 17 »&*-ei4. EMKfflo 

«r«ffc*6ri:lcJ:5, Cftma>Eftl$«>&Bt3ti9. 
At/, »SHttft»tt«)3k*«:Hofcfc«>iiSM**iirv> 10 
S„ 

[0 0 0 3] 

nBfttttta^tttfttft&fti&^ffl (iS^(R]S (AB 20 

sffi) icE^Lao^^ifiiat^d^^rsi) ^jns< 

«ae«kttEfl:©«E^*flS]BB*lSl^lRli^-CL*v\ £EB£ 
ffflJH-C&S. 

[0 0 0 4] ffi*g*Ol|iiS^y KT*I4, Cft 

fliSJc»*.5SJ:5lcJ![**«pofcjaitffl«>?IBl3-fyu 
£|1flti4;^fcttfiT\ EaSH^s-?^ 

v vmuammtrm it^mtt ton, s»st 30 

[0 0 0 5] *--e, E»fc£wS5aB£{fc 
(cf^^KE N 7 y ?fc^iiA,Ofc h 7 y *E»fflrogEBS 

fcH»^ffifcM«ftE»^y K&U&EHtftEftSB 

frtt^-rs-t^gftt-r 40 

[0 0 0 6] 

[BMB«r*fti-S *«W©SE«i5E»^ 

mm&ftteoum&mk. mmmmmm^mLxnm 

lSli5*|fiHOft*J:9't>fiv^i:t«r»i:1-S. 50 



2001-291212 

4 

[0 0 0 7] Sfc, *S9]0£ift8fteftB££Bl±. 
SEB^EMfri:, i!fJfESE^EM£££^&t/ 

EUaBft-raeft^ai:, BiiKSEKStsesiifrtatL 

fcot, ffiE£EaW5E»IKfrf4. E»Jli:ttBH4£fT 
hmo'J>t£< t fc-Jf £*TU HuESESSMEH^y K 

ffit. fflEE»«ffilcifigSL-CiaB$naogFEE»8£ 

ffi«:ian8-f-5««#i:. mmmmm\mLxmfe(»?$ 

Ht"CIBB*ix5y ^->a-^i«r*TU H&SEES8S 
[0 0 0 8] ±E«t/£lc ± 9 , IffiMoCiltjinjS 

*lSl<oia»*<*x.-C^< oasXE«ni;«H4tW*-5KJSI 

«ESkSBS:IISf 5i t^RTtiTfcS. 
[0 0 0 9] 

5o 

[0010] Hit, **W0>M«ft1Bft^v KT'fc 
SHWMi^y K©«M*iS**L.-0^. 1211 gi 

[ 0 0 1 1 ] El 1 & 2 t^i-*«ffi^y Kf4, £4K 
l o±lc, ftftttfto^-ya-^ 1 1, 

2, aaiffiAffRm^i 3, f&«i 4, r^^^ 
iin 2st/aiii 4rom^^i&L-c^5. $ng 

1 3 C0[S]^|fCT*fc5 1 3 a t 1 3 b 14, 

a, nb icmmmm 1 5 (Dmrnzn? iz#><D®mmm 

miS.O ? Hl2^b^-5J: 51-. #5581 

»ii^^u y *->3-* 1 1 tmmmmi 5 

jS«K8H6£"£1\ J.O. iaiISl5(DjK-^Lp^ 
»«WB#1 3(OjKfls*MflJffi^coft^L c ±<5 fcfiV^ 

[0012] ngiii 5*«y *->3-t 1 1 ices 

e^-T5«fi!cSr«fO»^, EglSl5^-/^Lp 

n ^M^afr 1 3 (n^{$:^[p]ffi^fp](7)s ncin 

S^l 3*fl|JiLfc«iti:1-*»^ttt, EfiKSl 5 



(4) 

5 

»#-/u*Lp*J:")«<1-5!8:*fls*>a. zfilzML 

i 5<otf-/uftLpfc«m:£<-t-*::fcfrli&¥, dft 
|c«fcoT, SEftSli. 1 5 L p t ES h 7 y ? 

*STw£tf5i£Sp (T*^? hit) ^<BBlC*#<4C,i{C 

[0 0 13] *^<S^ y KcOflWtfc LTI4, 01 

tl3 2tc^t" fcfl^i:, 13 t04-t-^£ft3 4 olz 
WKiB*ft:S:fflfttt»tt5tro^. 0 5 £ 0 6 T*^ $ ft 10 

[0014] in 3 st^n 4 \ZTjki-mmm^ ? m, 0 1 

&0 ? El2|c^1-¥^^-y KKUtLT, 1 3 

*£M 1 4 mn£«M 1 6 tnmmmw- 1 7 

tff*S:W*L-C^a. flU 0 3T*I4, Ml 2. 
14,1 6c7D[21^^^B&LT^5o ifc, 0 4 14, 0 3 

i^snsw^y kcoa-a' xfa<nmmM.mmx 20 

frfc, C©0 3&.t>*0 4!C^$ft5§M&H^:y K 
2ft£: L-0*3#. ?1IBI«m^W«i4^ft(r|5SbT 3 

[0015] * fc, 05 avia 6 [c^-r^eii^ ? k 

{4, 01 at/0a2|i*1-*«fll^y KlCJtL-C, E»« 

«b 1 5 <7)±\z£t,\cmmm 1 s j:ftgt*tt# 1 9 

LfcffiliitLtl^. 0 5S.t/0 6 4>[Cfcl>T, 0 1 
&t>*0 2wm<S1i^-y Ktl^tWriilco^rtt, HtflF 
*fcft#L-C^S. fSL, 0 5T"f4, 2,1 30 

4, 1 8©H*«r«*U-Cl^. ^<7)££, $R 

mm&i 9\zmir®mmmi ' <n^n, wmmm#i 
3 izm-tm&mm i ti4$?jip]-c-&<5o 0 6 14, 151; 

«e^-> KT-14, mmmmfti 3, 19^ k 

W«#Jtlflliii^6«Hfc(flr« (K*Jtlfi]iB*iai^*S^-C 

3, 1 9^#|^-f5SiS«iSEft«C«cfc«)E««:Ht-f J: 
9l-LTV>6 0 Zftl4, SMSTOttl 3 XTM 9**631 40 

s:ascsd«iSEfls iDtzmmn&mm-t £ z. t *m<-tzit>x 
[0016] t£ts, m5Rvm6\c7jk-rwMm^-y k-c 

1 ft £18 (b-f . if *> <b will fc 2 ft«±&tt 5 4. 5 I- L T 
|fiHB*»6«*ifcttBl-fi«-f**«J4» 0 5, 6(7>^fl| 50 



WW 2001-291212 
6 

m^y K(cHe>1". HlJiSl4|OTt¥I^^ KK 

^ti&wi-s. k F7 -y ?m&x<Dmm$:ft;±.x\ e 

IWK«OC«h5y^«Twi«0. 5^m^T<b^oT 
ffc»£\ 014^01 5l;Sti9/i»lroiI«: 

«ri-a»tt*««^s' kt-14, 7*^<? bttmtmz* 
#<^5 0 0 1 4ic*$nsjt»0iii (nmmmmm^v 

aA/-e4^*»i«:o-c43ij, mmmmmfr7 2*m\z 

[0018] Z.CDX 0 teffim<DWi&, E&&H7 1 <T)# 

l p as#sf us < * •? , mmmmmfc 1 2 icass 

SffifcWJP LTV M$T-t>, Eftftff7 1T'I4, 

M«fte»£#±$:3£fH-5£tt-C\ E£i&ffi7 in 

OCfttti^tti $ ftT L i i = 
[0 0 1 9] 01 5tC*$HSlt««lJ2(0»IK*fl£ffi^ 
3/ KI4, E^JS^ 8 1 ^^E^ h 7 y 9 IT w Sr3feiSg-t?3BE 

mmm&8 2^mz\t^^tmmx')^-vs-9 8 3 

<n®. *) &*<m 8 4 <nmm t m&.wn&§m&<r>mn*> 
m t nniLftm iz ± 9 , E&i$«)ttftflr*o vyy^m 

»««8 l»«E5ji*ta[ffl8 4S:ftaS*»5)«-*-i:, 2£ h 
7-y^tlT*l4iK^ii^7!i5#ort*5fi», EAttffi8 1 

[0 0 2 0] ^ft6Jt^^lS.^2«7)Ppm^W#<i4, 
bftTl^o 

[0021] -ror^.^^ Mttj^cfcafbJSattroS 

«r«fkS*fci:*©KEtt1l8«)«{t Sr^i-fc Ale, 0 7 

So 

[0 0 2 2] 0 7(4, 0tR!4\ A-vn^iMItt 
ft »-e«)** *lfc*««rffl I ^E*«t«JC*SV ^X , 7 ^ 
htt£4 : 1 £ Lfct#<n»fi«tfl:<z)«Ktt<8^* 
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[0023] mmmmit. mit^^m^ (mi-ft 
zb&tK r*^? hit£4 : 1 1 Ltzmmmmx-n, 
^m^-thummmx^M. wmmm^, m%m 

IC £ o X± C £ o -CSiHBi5IE»jttEff WSE 

»««icj:ot, mmm%mmmm^Lx^mm^ 

[0 0 2 4] 121814, T*^? Mtfl*6 : 1 <^i(?Jl£ffl 
[0 0 2 5] 0 914. T*^? hJt7i>2 0 : 1 (DmWkZ 

#M«ST*>o-ct>. t««Eflc»|fiiiii*ifinoitiH**« 
E»ME»Jw|fij it 3 £ . ZKBBEftlc £ 0 4 1: Sttt 'A&tt 
#ic J: 9 ffiftlEMKflc«>1gflHff««:ttSbT L£ 5 ^ k 

[0026] rw£9ic, #mmnti»W&<oi9tm& 
$ t> (O £ ffl -5 £>g t > fo 6 . 

[0 0 2 7 ] fcfc, 0 7&t/0 8«)iiJR«:fflV^Ea« 
[0 0 2 8] H 1 014, lyiC/TtT^^? hJt^4 : 



* l 114, mBKTtfrr*^? hJt#6 : iro»RSrfflv^ 
fcGftttli£# LXmR&l&frMftMJifa\zmu Lfc k 

[0 0 2 9] lH l 0 l'^$H-5 J; 5 I', 7^? hlt^ 
14, tt*|^©«fk3*s«E»*f|filiii^lfiI^t«fbiatei-SC: 

kxmmmm±ft<omit(nmfcttfomj3fo<DrfLfttfmz. 

t*«c«E*#lftiii*iRli:ra*lRlfcttifk3i«filv^-rv^5«B: 

Softie £-5«{krojK(**M6]Ba*lRlfi)t5J-WJiSP«:, flfi-fk 
l«HEtJt«L-c*«oikWtt<, $b*a«'>&v\, 
[0 0 3 0] dftUUtLT, (Hi omr*^* MtJflS 

*in, a»»iPiai^rifiii:i4ia*isiiwWb*JiRiir*T^ 

«»#lRlBi*lfiI(K5>»«IJP©3£EW»Bg4:ft*. 
[0 0 3 1 ] -ttfc. $M^ft£ 9 fc«fkia(E©*isS5 

hit 4 : l05*R*fflv*fcE«ttlf<n2ffl<. mTRVm 

30 1 1<7)T*^ Hit 6 : lOmfrfflt^EftflMf £9 

[0 0 3 2] Sic, ffijRft-cattftGftKa LfclE»« 

ttfc*«)HEfik»fliwg||*jaBt^i:5»iB[|?.Hd £9 
i: fcixtfftv 4 c EftU^G9 7 ro£ 9 ic&fflW 

^5flt^i5 0 (Si) 
[0 0 3 3] 
[^1] 



• 8 arctan 



Tw 



ML )l 

+ 7W 2 + Lp 2 J 



[0 0 3 4 ] ::t', tmmmcntf-ju&ZLp. tm 
5o 



[0 0 3 5] J£oT, ta®iiroi*tti#Hk^^i 

14, S2S:Sifc1-±9^#tSr^-r5«t9lc1-niJ6 
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[0 0 3 6] 



Hk > 8 arctan 



* [t2] 



[0 0 3 7] (fE^^t^^m^troggfl) 

[0 0 3 8] Hi ftMH 6 (^*-T*l§P^W*a^ 5/ K 

x-ii, 5^y ^->3-^ i i km.m&$L 

mmmi 5icx+ftft%-tz&mfrhz, -rtit>h. m 
mmm.fr 1 3kj;o-c, mmmmi 5±mz-m^®R 

fc&^-tir-Sfcs')!^ Wmmmfcl 3btzmmmi 5 b 

<n ±m * -h>k ifimiafi-r h <&m & h z> „ 
[0 0 3 9] ::t\ $gfi>i?mft i 3 icanKSSft i tw 

®«£ 1 3 wjaaasE i omB^Atrai;) 

KfrffiWSSOg ^Lc l 3 roSSEfr*f |6]ffi* 

iSlOSSLciPi:) , ffiOgS (h7-^jllT^C 

x+ft&^t-i-So z<nb%. mmmmfri 3\cmmm 
m\ zm-fb. mmmm.fr \ 3*»6®tr^t«nfcffi 

(it 3) 

H=I/2 (L c +D c + 2 r ) 

WftiWctfBftWil 5<nmmh? y?mTw£<0 t 

E&Bfcffi l 5 li^i-efcS. 
Lfc^ot. 3tESSil 5irWSEP§£- 

r . mattttt 1 3 icaaxsisbiesaiE i (Dm±mz i m 

ma xtt. «4-e^$ilSfl[«ri:6. 
(St 4) 

Hmax=Imax/2 (Lc+Dc + 2R) 
iot, £ftfl£&L 5fcin*.fiIt*«rtt<1-3fcftK 

i±, mmmmfri 3 bmmmmi 5 b(DmmR^m<i- 

fc&tcte, E»«« i 5(0**tt«*HkW±<o»$«> 

EfflKttl 5 LTJ)D;tSz 
-C#>5fctf>. iMUffiftl 3*E»«Hil 5i:Wgg^R 

W5) 



Hk<Imax/2 (Lc+Dc + 2R) 

&±tt. esstfi 1 5 liitt^iEg-ra^Bi^a* 1 3 a« 

li^t*fe5i\ HI 3, 4W±9l-»K#a(*:Sr^ 

io pjfRlicgdEi-?, z t t^r-fcSo :rtf. Cftilil: 
ififiHEHi-S N (N>1) tU * 

tLB§R-MRt4:5i:i-5i, £ftfltff£ttfta*R* 

rn.fr b (dwmr is, a e tatt-mii©**: <t *xtf&i > 

(5t6) 

Hk<NXImax/2 (Lc+Dc + 2R) 
Sl±.m.mLtz£ 5fc, 0l7!>Mia6K*1-*:3S9!<fcl|MB 

20 J»K*«*w«»*t^iii*iSi«)«$Lc iOfce 
»M©>K-^Lpt«<-*-Sifc(cJ:9, KINBfli 

mm&fr<r>m.&*m±-rz>^bti^mxhz> 0 

30 twa^ v h°zmm-r %-b a««r«-c*>a. 

mfHTjxt&m.) ike. ^^Emi^iae©^ 

[0 0 4 0] Hi 2 lc*«MOTSii:K55IE0[»gro«a 
i^LTt^. mi 2fc^SixSJ:5fc. 

i^<5. S^2 5rt(cii, SEBSStEaa* 2 l . :®i 
40 jfi«[5RE»^flE2 l *:3£«rJ3J:a«|iHES*5«tt^a:i: 
Lt^fyF^-?2 0, SiSBt«[£fttt»2 lie 
#LTtt*©Sa«tRtWfetfTft9«*^y K2 2, a 

oS£^- y K 2 2 «:SjCtt5KGIMKff: 2 1 |c*f LT^ft 
SaEtcS«Fi-5^y KT^fai-* 2 3 . ~*yYT9 
2 3*@fcg&i;:5#-f 5le!te«i2 7, mis 
$i2 7^U^7 KT^fai-* 2 3$r®ibib-J:i>- 

SS2 4i«lR#l*il-C^*, 
50 [004 l]ifc.Bl3 tli, *«^OSitt8imE» 
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mw<n®%^y K2 2<D^m^mLxi 0 0131^ 

i N T, mn^y K2 2fi|E^3 0 tW$Ll$4 0 t Sr* 
LT^5o ^Wo*b, MSB 3 OI^SE^^S*^-;/ 

fl^iftn^ 1 l^t'Tj^t^^n-c 

IE^3 0li, W!fe35 4 0 t^lC^i^^^yS 

^tT-rs-^fcio, mmmmi saw 

i aftiE»«c»6oaiiiics*Lris«#iRiL-c^ 10 

So 

[0 0 4 2] Sfc, S£«*tE»«t*6 Ott, **3lia> 
•Sii:K«E«»ffiroti?«rolE»*t«i:*5SEa!aiS» 

&6 1 ±{C/^-VD-r, -fc^* k CoZrNb4if 
$rfflV\fctt«tt;Kfr*>®6 2, CoCr^l CoP 

Tt^-So ««tt8JT*>JB 6 2 , SilffifflttfteftjB 6 3 
tt-tixWISfflElfiHliiJtPtt^SraWfc LfcTifel^WL 20 

[0 0 4 3]. 3^T*, KSt^y K2 2 (DfE^SC 3 0 
»Efi««:6 0i:©«3ttttt«BB«^*iV^T» ttftE* 

[0 0 4 4] ttftCft«E^6 0^<&S^fctt$RK»*:*r 
0<W«t«ttSfl-lbS6 2*-C'^)^m^'<--» 

^*s, mmmmi 5 u ^-ya-^ 1 imogK* 

Dt Lfcirt, >^^Si*S«D«tiJ fcfi^ 30 

it^iftfi. »^si«E 
«D«fc0 fcJSi*»frtt, EWi 5©ifeJfla»&fflfc« 
jfcli, SBEfflBEftlEM 6 3fr£jt£fi£iliiLttBt 
tt$}T*>Jl6 2^I6LTH-y3-^ ll^S5 

fcfc*. E«D«>*«sstj5^^-5/y^sJ:»)t 

fc«JKi^ *->3-? 1 l-iiftftS^filc^LT 

6fc», fllfK^y K2 2©SE»»3 0fc««8E»lBIE*6 40 

[0 0 4 5] z co J; emtt l 5©3fejS8*»&ttK 

filer, flWIEftfcfTfc 5 &#fcfiiS«afl 

[0 0 4 6] 



Wffl 2001-291212 
12 

[HfioffiJtL&ttH] 

[f3 1 1 *»M«oaE*»ffiK:«fe5J|t««^y K»flBS 
[12] **WwH«SJgSeic«t»S*«ffi^y KwWfig 
Id 3] *»m»lllfe«ffi(c1IR43&mm»«r«fttt 

[fa 4] *«m<oiitt^ffi(ciftt>smm#«r«fttt 
[fas] ttmtDnmmi&iztoto&ntmmfriBmm 

[El 7] 7X^* NJt#4 : 1 ©^WfS»«ffi«)«E 
[[218] hJfc#8 : 1 W^WffigkBtffiroaig: 

[ii9] rx^ Nit^2o : 1 <ni&vw&»mm<r>m 

[Ell 0] T*^? hJt^4 : 1 WJB«©E»B£i|i^*s 

Battle* LfcH. 
[Hll 1 ] 7Xs<i? bittf 6 : l»ff^»EMlCtJ 

[Ell 2] Mf]f3^ISttSffi^ffi^SSitMflEftS£K 
wMHEIo 

[Ell 3] *H0^wH»Si-^b5M^mfE^M 
fifiiia^ £ ifcPJ! -T -5 J6 ©Ej 0 

[ei 1 4 ] itmm 1 ott^osiit^fli^y K©«i5i 

iiEl 0 

[sji 5] ttmm2(Dvt^mcomm^m^y wwum 
mm. 

[«F*©K?m 

1 o-*K 

1 1 ••• y ^->3— ^ 

12, 14, 16, 1 8-&mM 

13, 17, 1 9-mmnt* 
1 5-is»m 
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2 0' 
2 1 • 
2 2- 
2 3- 
2 4- 
2 5- 
2 6- 

2 7- 

3 0- 

4 0- 

5 0- 



<Btstt 



(Hi] 



z. 



[1213] 



* 6 0---£ftttft|Eftjft# 
6 1-gfi 

6 2-*&fcttUJT*>H 
6 3--£iffifflfltft1BM 
6 4-«M 

6 5-M 

7 1. 8 1 -Cftflttt 

72,8 2-mmmmmfo 

73,8 3- -y ? — ys — ? 

10 8 4-»a*ffi|l 



[H2J 



[09] 



4Si 







> 


■ '1 








w 




s 




[18] 



